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Materials and Methods
Sample purification and preparation. The Hase I-cytb complex from Aquifex aeolicus was purified as previously described 1 . GmbH) Tris-(pH 7.4, pD = 7.4) and MES-(pH 6.4, pD = 6.4) based buffers, respectively.
The reduction was carried out in the X-or Q-band tubes using a homebuilt gas line. HYSCORE experiments and for recording the EPR spectra. However, it was not possible to record any meaningful ENDOR spectra, due to an enhancement of the spin-spin relaxation time (T 2 ). The increased sample concentration enhanced processes that cause loss of the magnetization in the x-y plane and thus did not lead to any improvement of the signal-to-noise ratio in the ENDOR measurements. 25 % of deuterated glycerol (Sigma-Aldrich) was added to the sample, so as to increase the T 2 relaxation times, but no improvement could be observed.
Magnetic coupling with the reduced proximal iron-sulfur center offers an additional complication; fortunately this exchange interaction is only one half of that observed in standard hydrogenases ( Figure S1 ). The excitation bandwidth of the non-selective microwave pulses used for the Mims ENDOR measurements is larger than the splitting caused by the Pulse EPR: Pulsed EPR measurements were carried out at X-band (~9.7 GHz) frequencies in a Bruker Elexsys E-580 FT EPR X-band spectrometer equipped with a dielectric resonator at cryogenic temperatures using a helium flow cryostat (Oxford Instruments). Pulsed EPR measurements at Q-Band (~34.0 GHz) were carried out on a Bruker Elexsys E-580 FT EPR Q-band spectrometer with a homebuilt ENDOR resonator 4 . The solid-state microwave amplifier in this bridge produces a power of 2 W at the resonator, which is sufficient for obtaining a MW π/2 pulse of 16 ns. Cryogenic temperatures (7−10 K) were reached using an Oxford CF935 flow cryostat. A low-pass filter (Trilithic) was used to cut off the 1 H harmonics. A high-power RF amplifier (2.5 kW, Amplifier Research 2500L, 10 kHz-220
MHz) was used to achieve short radiofrequency pulses (8 µs for were recorded using the Mims ENDOR sequence (π/2-τ-π/2-π RF -t-π/2). The ENDOR efficiency is described by 5 :
(Eq. 1)
Due to the blind-spot behaviour (τ dependence) of the Mims sequence the optimum separation of the first two π/2 pulses was chosen to be 320 ns (the first blind-spot is ± 1.56 MHz centred Hyperfine sublevel correlation spectroscopy experiments (HYSCORE, π/2-τ-π/2-t 1 -π-t 2 -π/2)
were measured at the principal orientations of the g-tensor of the Ni-C state for several τ values (τ = 124 ns was chosen for X-Band, and τ = 328 ns for Q-Band). The absorption EPR spectra were simulated using the MATLAB (Mathworks) based EasySpin 6 simulation software by taking into account A-and g-strain effects contributing to the inhomogeneous linewidth of the EPR lines. The full spin Hamiltonian for an exchange-coupled two-spin system can be written as
where the first term is the Heisenberg exchange. In this article, we consider only the isotropic part of the exchange coupling tensor J, because the anisotropic part is typically small and it is complicated to evaluate from EPR data. The second term in Eq. 2 is the magnetic dipolar coupling. Dipolar coupling mainly depends on the distance between paramagnetic centers.
Using the point-dipole approximation the tensor d 12 can be expressed as:
where r is the distance vector between the two paramagnetic centers and g 1 , D. gigas The sign of the quadrupole interaction has been assigned to be negative based on theoretical calculations of the electric field gradient tensor 16 and based on DFT calculations in the work by Agrawal Geometry optimizations were performed using the BP86 exchange-correlation functional 19, 20 and a double-zeta basis set 21 with polarization functions that were obtained from the TURBOMOLE library (ftp://ftp.chemie.uni-karlsruhe.de/pub/basen). In addition, single-point calculations using the hybrid B3LYP functional 22, 23, 24, 25 at the BP86/TZVP geometry optimized structures were carried out. IR spectra were generated by numerically calculating the second derivatives. Calculations of g-tensors were performed using an effective meanfield spin-orbit coupling operator and the center-of-mass as the origin of the g-tensor 26, 27, 28 .
Fully relaxed structural optimizations led to structural parameters in good agreement with the X-ray structure: Ni active site models For the bridging hydride between the two transition metal ions, the second-order contribution from spin-orbit coupling was found to be of larger magnitude and the full hyperfine tensor containing spin-orbit coupling and the inclusion of pseudo-contact interaction in the isotropic hyperfine coupling constant are given in red. . The Ni-H bond points towards the direction of the g x axis.
The β-cysteinyl protons are rather insensitive to a variation of the hydride binding position, whereas the isotropic and dipolar tensor lies rather along the g y than along the g x direction. This is different from the situation predicted by the DFT calculations and previous measurements on standard hydrogenases 9, 12 .
This difference remains to be elucidated; it should be considered that the uncertainty in the Atensor direction determination is large in the present study making a unique assignment of the orientation very difficult.
